Intraductal carcinoma of the prostate (IDC-P) is characterized by prostatic carcinoma involving ducts and/or acini. The presence of IDC-P is usually associated with a high-grade Gleason score, large tumor volume, and adverse prognostic parameters, including extraprostatic extension and seminal vesicle invasion. When present, IDC-P is associated with worse outcomes, regardless of treatment status. IDC-P is included in a broader diagnostic category of atypical cribriform lesions of the prostate gland. This category of lesions also includes high-grade prostatic intraepithelial neoplasia (HGPIN), urothelial carcinoma involving prostatic ducts or acini, and prostatic ductal adenocarcinoma, amongst other intraductal proliferations. Differentiating between these entities is important as they have differing therapeutic and prognostic implications for patients, although differential diagnosis thereof is not always straightforward. The present review discusses IDC-P in regards to its morphological characteristics, molecular features, and clinical outcomes. Given the current state of knowledge, the presence of IDC-P should be evaluated and documented correctly in both radical prostatectomy and needle biopsy specimens, and the clinical implications thereof should be taken into consideration during treatment and follow up.
INTRODUCTION
Intraductal carcinoma of the prostate (IDC-P) is a malignant lesion characterized by an expansile proliferation of malignant prostatic secretory epithelial cells within prostatic ducts and acini, and demonstrates significant architectural and cytological atypia. 1 The presence of IDC-P in a specimen is frequently associated with large tumor volume, advanced disease stage, high Gleason score, and increased risk of recurrence. 2 The diagnostic criteria and clinical significance of this entity continue to evolve as more studies are undertaken, and advances in the understanding of its' pathogenesis are supported by immunohistochemical and genetic markers.
With increasingly frequent recognition of IDC-P, the differential diagnosis of atypical medium sized and large cribriform lesions on prostate core needle biopsies has become more challenging. The differential diagnosis for this group of lesions includes several entities, with differing therapeutic and prognostic implications. High-grade prostatic intraepithelial neoplasia (HGPIN) is considered a preneoplastic lesion; its presence does not require definitive treatment, and when present exclusively in an extended core biopsy, does not warrant another biopsy. 3 Meanwhile, IDC-P, when present in a core needle biopsy, requires a prompt rebiopsy or definitive treatment. 2 Atypical intraductal proliferations are borderline lesions that exhibit atypical features greater than those seen in HGPIN, but not entirely fulfilling the diagnostic criteria for IDC-P. 4 Other entities included in the list of differential diagnoses for IDC-P include high-grade, invasive prostatic acinar adenocarcinoma, prostatic ductal adenocarcinoma, and urothelial carcinoma involving prostatic ducts. The morphological features, diagnostic criteria, and molecular characteristics of IDC-P and the distinction of this category of lesions from the aforementioned entities are discussed herein. Correctly diagnosing IDC-P is not only important for pathologists, but also for other members of the clinical team, including urologists and medical and radiation oncologists.
Morphologic features and diagnostic parameters of IDC-P
The term IDC-P has been employed interchangeably over the years to refer to prostatic ductal adenocarcinoma, prostatic acinar adenocarcinoma, and extension of urothelial carcinoma into prostatic ducts and acini. 5 IDC-P was previously used to refer to carcinoma cells extending into prostatic ducts and acini, in which the subtype of tumor cells included neoplastic prostate epithelium, as well as urothelial and squamous carcinoma cells. 1, 5 This was in contrast to the initial description proposed by Kovi, et al. 6 in 1985, wherein prostate carcinoma cells are reported to involve pre-existing prostate ducts and acini. It was suggested that prostate carcinoma cells could also involve or extend into benign prostatic ducts, owing to the observation that features now recognized as IDC-P were present in a significant subset (almost 50% of cases) included in the study. McNeal, et al. 7 also documented that some cases of prostate carcinoma demonstrating a cribriform growth pattern have a higher Gleason score than their counterparts with non-cribriform morphology, and also exhibit features consistent with an IDC-P component. IDC-P lesions were included under the uniform diagnostic category of HGPIN when Bostwick and Brawer 8 introduced this concept. Therefore, a diagnosis of IDC-P was not rendered frequently, as these proliferations were included in the diagnostic category of HGPIN. However, as pathogenesis of this ductal proliferation has become better understood, IDC-P is used to refer to prostatic adenocarcinoma that extends into and proliferates within preexisting prostatic ducts. IDC-P can exhibit a variety of growth patterns, including loose or dense cribriform, solid, micropapillary, and rarely, flat architecture. The cells exhibit cuboidal or columnar cytological features with significant nuclear enlargement. 4 Several similar diagnostic criteria schemes for the morphologic diagnosis of IDC-P have been proposed: 9,10 the major diagnostic criteria for IDC-P include 1) solid or dense cribriform architecture (defined as atypical cells spanning greater than 50% of the glandular lumina), 2) marked nuclear atypia or pleomorphism with nucleomegaly (≥six times normal), and 3) non-focal comedonecrosis. 9 The presence of any of these criteria is considered diagnostic for IDC-P in conjunction with the presence of medium to large sized ducts or glands with at least partial preservation of an identifiable basal cell layer.
Minor criteria for IDC-P that are often present and helpful but not diagnostic include 1) involvement of greater than six glands and/or ≥1 mm size, 2) atypical glands that are irregular or branching at right angles, 3) increased mitotic activity with frequently identified mitotic figures, and 4) two distinct cell populations comprising of an outer layer of pleomorphic, mitotically active cells and a central component of cuboidal, monomorphic cells without mitotic activity. 4, [9] [10] [11] In IDC-P with two morphologically distinct cell populations, the outer layer of pleomorphic cells does not stain strongly with prostate-specific antigen (PSA), whereas the inner monomorphic cells demonstrate strong PSA positivity. 12 Immunohistochemistry (IHC) is also considered helpful in establishing a diagnosis of IDC-P in terms of confirming the presence of at least an incomplete or partial basal cell layer around the atypical glands. Morphologic patterns and cytologic features required for diagnosis of IDC-P are represented in Fig. 1 .
IDC-P is associated with aggressive prostatic adenocarcinoma and its presence in both core needle biopsy and radical prostatectomy specimens is associated with adverse prognosis. IDC-P is not usually identified in prostate core biopsies, and this finding is supported by a recently published study with a significant cohort of more than 100 consecutive prostate biopsies, wherein an overall incidence of 2.8% of IDC-P was reported. The incidence of IDC-P with simultaneously identified foci of invasive adenocarcinoma in a core needle biopsy ranges from 10% to 22%. [13] [14] [15] The presence of isolated IDC-P without accompanying invasive adenocarcinoma is extremely rare, occurring in less than 0.3% of core needle biopsies. 2, 9, 15 Several published studies have shown that the presence of IDC-P correlates with higher Gleason scores, larger tumor volume, increased risk of extraprostatic extension, seminal vesicle invasion, and pelvic lymph node metastases identified upon subsequent radical prostatectomies. 6, 10, 11, [16] [17] [18] [19] In a recent study published by Van der Kwast, et al., 13 the authors reported that the presence of IDC-P in prostate biopsies correlated with early biochemical failure and metastatic disease following radiation treatment in patients with intermediate or high-risk prostate cancer. The presence of IDC-P in radical prostatectomy specimens correlates with decreased progression-free survival and an increase in the incidence of biochemical recurrence following radical prostatectomy. In a similar vein, O'Brien, et al. 20 suggested in their study that the predictive accuracy of existing nomograms to predict PSA recurrence after radical prostatectomy may be enhanced upon inclusion of novel pathologic parameters, including IDC-P on prostate biopsies. The presence of IDC-P is associated with a comparatively poor prognosis, following stratification for Gleason score. 21 IDC-P represents late-stage progression of prostatic adenocarcinoma in the majority of cases with intraductal extension of high-stage, advanced cancer and this theory has been supported by molecular studies. 4 The majority of IDC-P cases show cytoplasmic loss of phosphatase and tensin homolog gene (PTEN, 61-84% cases) as opposed to no loss of PTEN staining in HG-PIN. 22 Additionally, a greater frequency of loss of heterozygosity (LOH) of up to 60% is reported in IDC-P cases, compared to no loss in Gleason pattern 3 prostate acinar adenocarcinoma and rare loss in HGPIN cases. However, PTEN loss is reported in one-third of cases with LOH in Gleason pattern 4 prostatic acinar adenocarcinoma. 17 LOH of p53 or Rb genes is more frequently seen in IDC-P in 60% and 81% cases, respectively, than HGPIN, which shows LOH of p53 and Rb genes in 30% and Intraductal Carcinoma of Prostate 53%, respectively. 23 TMPRSS2:ERG gene fusion, which is the most common recurrent chromosomal alteration seen in prostatic adenocarcinoma and identified in approximately 50% of cases, is present in greater than two-thirds of cases of IDC-P and absent in HGPIN. 22, 24, 25 This finding has been confirmed by using both break-apart probes in a fluorescent in situ hybridization (FISH) assay as well as by employing IHC for ERG protein, which shows ERG positivity in a significantly large number of cases of IDC-P (30-58%) in comparison to HGPIN (0-18%). 22, 26, 27 The recognition of IDC-P in a specimen is understood to represent a late-stage occurrence in cases with high-grade, highstage prostate adenocarcinoma. However IDC-P may represent a precursor lesion to invasive carcinoma in a small subset of cases, representing a point of growth between HGPIN and invasive carcinoma. These precursor type IDC-Ps may represent an entity in the spectrum of neoplastic changes from HGPIN to invasive cancer or possibly an entity in a separate de novo pathway. Miyai, et al. 28 reported a cohort of 14 cases of precursor-type IDC-P out of a total of 155 cases with IDC-P. Rare reports of IDC-P occurring without the concomitant presence of invasive carcinoma or in the presence of only Gleason score 6 cancer documented on prostatectomy have been published. In this small cohort, outcomes were seemingly better with a decreased incidence of biochemical recurrence; however, these cases had a relatively limited follow-up. 9, 29 It is, therefore, important to consider two scenarios when evaluating IDC-P: whether it is seen in association with invasive prostate carcinoma or not. The former group focuses on prognostic factors used mainly to predict outcome, and can be applied to both radical prostatectomy samples and needle biopsies. The latter is focused on impacting decisions for subsequent therapy, and can only be applied in the setting of core needle biopsies. These differences should be considered whenever IDC-P is reported.
DIFFERENTIAL DIAGNOSIS High-grade prostatic intraepithelial neoplasia
Distinguishing HGPIN from IDC-P is significant from a clinical viewpoint, and can be challenging in some cases. A greater degree of architectural and cytological atypia is seen in association with IDC-P, although both IDC-P and HGPIN demonstrate cytologically atypical cells within prostatic ducts and acini. The outlines of prostatic ducts and glands with HGPIN are usually smooth with rounded contours, in contrast to irregular outlines with branching in IDC-P. The prostatic glands are usually similar in size to adjacent, benign glands in HGPIN, and cells lack marked nuclear atypia with nuclear size, measuring 2 to 3 times (Fig. 2A) . The mitotic activity is not significantly increased in HGPIN with only occasional mitotic figures identified. The cells in HGPIN are more uniform as opposed to pleomorphic cells seen in IDC-P. Both IDC-P and HGPIN may exhibit micropapillary, flat, or loose cribriform growth patterns, although solid nests and dense cribriform architecture are more frequently seen in IDC-P. 30, 31 Only very focal comedonecrosis may be rarely identified in HGPIN, and non-focal comedonecrosis is almost always seen in association with IDC-P. Using the above-described criteria for the diagnosis of IDC-P, HGPIN can usually be readily distinguished from IDC-P. IDC-P may occasionally demonstrate a spectrum of features that include low-grade cytology with uniform nuclei and small, regularly contoured glands. It may occasionally prove to be a challenging task to distinguish between HGPIN and IDC-P on core needle biopsies. 4 Both HGPIN and IDC-P exhibit similar IHC phenotypes, including overexpression of α-methylacyl coenzyme A racemase (AMACR) and patchy positivity for basal cell markers. In such circumstances, IHC staining for PTEN and ERG may be helpful in distinguishing between these two entities, as loss of PTEN expression and ERG overexpression are seen in IDC-P, whereas retained PTEN expression and absence of ERG overexpression are usually seen in HGPIN. 22 Sometimes the lesion of interest is very focal or exhibits overlapping features between IDC-P and HGPIN, precluding a definitive interpretation, and a diagnosis of atypical intraductal proliferation or atypical cribriform lesion (ACL) may be rendered in these difficult cases.
32 Table 1 highlights the morphologic and immunohistochemical features that distinguish HGPIN from IDC-P.
HGPIN without concomitant invasive prostatic adenocarcinoma is diagnosed more frequently, with an incidence of up to 8% in core needle biopsies. The risk of invasive adenocarcinoma on a repeat core needle biopsy following a diagnosis of isolated HGPIN in extended core biopsies is 20-25%. This is similar to the risk of invasive adenocarcinoma on a repeat biopsy following a benign diagnosis. It is not mandatory to require a repeat biopsy following a diagnosis of isolated HGPIN on an extended core biopsy, thus making the distinction between HG-PIN and IDC-P signficant. 
Atypical intraductal proliferation (atypical cribriform lesion)
An atypical intraductal proliferation is seen microscopically as a lesion spanning the lumen of prostatic ducts or glands, and demonstrating the presence of cells with cytological atypia that exceeds the cytoarchitectural features of HGPIN but is not sufficient to meet the threshold for a definitive diagnosis of IDC-P (Fig. 2B) . 3, 30, 32 The term is employed for diagnostic clarification for borderline lesions in which neither HGPIN nor IDC-P can be definitively diagnosed and does not represent a definitive entity.
Morphologically, the following criteria have been put forth for diagnosing atypical intraductal proliferations by Morais, et al.: 26 1) loose cribriform architecture with greater atypia than expected to be seen in HGPIN, yet lacking significant pleomorphism or necrosis to qualify for IDC-P; 2) cytological atypia with significant pleomorphism but not meeting criteria required for IDC-P (≥six times adjacent benign nuclei), or 3) dense cribriform or solid proliferation of cells with cytological atypia in incompletely sampled large ducts on the edge of biopsy specimens. In their study, 60 patients with atypical intraductal proliferations were included and a repeat biopsy was performed in 35 cases along with prostatectomy in one case. Invasive prostatic adenocarcinoma (15 cases) or IDC-P (3 cases) were identified on repeat biopsies in approximately 50% cases. In the cohort where invasive adenocarcinoma was seen on repeat biopsies, about half of the cases (n=7) were assigned a Gleason score of 7 or higher. As the likelihood of finding high-grade (Gleason score ≥7) is significantly greater in the lesions diagnosed as atypical intraductal proliferation, an immediate repeat biopsy is therefore recommended in these cases. 25 Cytoplasmic loss of PTEN or ERG expression was also frequently associated with atypical intraductal proliferation (52% and 27%, respectively) in this same study. Out of the 11 cases exhibiting PTEN loss, seven cases had follow-up biopsies with a diagnosis of either invasive prostatic adenocarcinoma or IDC-P. This rate of subsequent carcinoma is significantly higher than that associated with atypical small acinar proliferation, but only slightly higher than that seen in PTEN-intact, atypical intraductal proliferation (50%).
In another study by Miyai, et al., 32 IDC-P, atypical intraductal proliferation or ACL, and HGPIN were recorded in 155, 22, and 436 cases, respectively, in a series of 901 radical prostatectomies. Patients with IDC-P showed more aggressive pathologic features when compared to HGPIN. Invasive cancers in patients with ACL had higher Gleason score, larger tumor volume, and more advanced pT stage than those with HGPIN. Cases with atypical intraductal proliferation showed a higher risk of biochemical recurrence than those with HGPIN and a lower risk than those with IDC-P based on log-rank tests (p=0.0045 and 0.0069, respectively). A recommendation from this study was that atypical intraductal proliferations should be distinguished from HGPIN, as these lesions mandate active clinical surveillance with repeat biopsy within 3 months.
Invasive prostate acinar adenocarcinoma
Invasive acinar adenocarcinoma with cribriform or solid architectural patterns (Gleason patterns 4 and/or 5) may resemble IDC-P, and warrants distinction for further management. The absence of basal cells around the ductal or glandular units serves to distinguish invasive high-grade acinar adenocarcinoma of prostate from IDC-P. Although IHC staining for basal cells distinguishes IDC-P from invasive acinar adenocarcinoma and is very helpful in this regard, it is not always performed owing to similar clinical management of both these types of lesions.
Intraductal Carcinoma of Prostate

Prostatic ductal adenocarcinoma
Prostatic ductal adenocarcinoma is an aggressive form of adenocarcinoma of the prostate, representing less than 1% of prostatic adenocarcinoma cases, and is usually seen in association with high-grade prostatic acinar adenocarcinoma. 4, 33, 34 It may arise from both large-sized periurethral or peripheral prostatic ducts, and is associated with hematuria and/or obstructive urinary symptoms. [33] [34] [35] This malignancy also presents as an exophytic, papillary mass protruding into the urethral lumen in continuity with periurethral ducts. Microscopically, it demonstrates pseudostratified tall, columnar cell morphology. Other frequently encountered features that help in establishing the diagnosis include the presence of papillary architecture with fibrovascular cores or a cribriform growth pattern with large sized, backto-back glandular elements with intraglandular bridging and narrow slit-like lumina akin to a Mullerian ''endometrioid'' pattern (Fig. 2C ).
2 TMPRSS2:ERG gene fusions are reported to occur in prostatic ductal adenocarcinoma albeit with a lesser frequency. 3 This entity may also cause diagnostic confusion with IDC-P Fig. 2 . Entities comprising the list of differential diagnoses for IDC-P. (A) HGPIN with cribriform growth pattern lacking the high-grade cytologic atypia and complex architecture of IDC-P. The nuclei are not as significantly enlarged as seen in IDC-P. (B) Atypical intraductal proliferation or atypical cribriform lesion. Although this atypical proliferation demonstrates architectural complexity greater than that encountered with HGPIN, it does not display the highgrade cytological features and solid or dense cribriform proliferation seen frequently in IDC-P. (C) Ductal adenocarcinoma of prostate can also demonstrate areas of cribriform growth, however, presence of true fibrovascular cores in the papillary areas and pseudostratified tall, columnar nuclei serve to distinguish this entity from IDC-P. Most importantly there are no identifiable basal cells in this entity. (D) Urothelial carcinoma can also extend along prostatic ducts and acini mimicking IDC-P. The presence of tumor cells with a 'squamoid' appearance is a helpful feature that assists in making a distinction from IDC-P apart from IHC stains which are diagnostic in these cases. IDC-P, intraductal carcinoma of the prostate; HGPIN, high grade prostatic intraepithelial neoplasm; IHC, immunohistochemistry. IHC staining is also helpful as it demonstrates a lack of staining for basal cell markers in prostatic ductal adenocarcinoma. A pitfall to consider is that basal cells may be seen underlying the pseudostratified, columnar cells in cases of prostatic ductal adenocarcinoma; however, this likely represents intraductal spread of prostatic ductal adenocarcinoma. 36 Establishing a diagnosis of prostatic ductal adenocarcinoma is clinically relevant since it is considered to represent high-grade (Gleason score 8 or higher) cancer. [37] [38] [39] [40] It is associated with adverse pathologic parameters, including a greater incidence of extraprostatic extension and Intraductal Carcinoma of Prostate seminal vesicle invasion apart from lower biochemical-free survival subsequent to radical prostatectomy. 33, [41] [42] [43] [44] Prostatic intraepithelial neoplasia-like (PIN-like) adenocarcinoma of prostate, which is a variant of prostatic ductal adenocarcinoma, is also included in the differential diagnosis of IDC-P and prostatic ductal adenocarcinoma as it demonstrates a pattern of medium to large sized dilated glands lined by pseudostratified, columnar epithelial cells. 45 This tumor does not behave as aggressively as the aforementioned classic type of prostatic ductal adenocarcinoma. Cytologically, PIN-like prostatic ductal adenocarcinoma is composed of uniformly elongated, monomorphic nuclei without prominent nucleoli, and lacks the cytological pleomorphism seen in IDC-P. 45, 46 Distinguishing features from IDC-P include the absence of cribriform and solid growth patterns. IHC for basal markers is significantly helpful in this aspect since it will show lack of basal cells in PIN-like prostatic ductal adenocarcinoma.
Urothelial carcinoma involving prostatic ducts
Urothelial carcinoma involving prostatic ducts can also mimic IDC-P by growing into and distending prostatic ducts and acini. It can also demonstrate foci of comedonecrosis further confounding the differential with IDC-P. The often countered papillary growth pattern of urothelial carcinoma may be absent, although divergent squamous differentiation, when present, may be of assistance in distinguishing urothelial carcinoma from IDC-P. Mitotic activity is also frequently elevated in urothelial carcinoma cases, serving as a useful feature (Fig. 2D) . IHC staining is immensely helpful in distinguishing urothelial carcinoma from IDC-P, as urothelial carcinoma cells are negative for various prostatic lineage markers, including PSA, NKX3.1, prostatespecific membrane antigen, P501S (prostein), and prostate-specific acid phosphatase. Urothelial carcinoma involving prostatic ducts is positive for expression of urothelial markers, including uroplakin 2 or 3, GATA3, high molecular weight cytokeratin 34βE12, and p63. 4 Additionally, basal cell markers show the presence of basal cells surrounding the glandular units in cases of urothelial carcinoma extending into prostatic ducts and acini. Identification of urothelial carcinoma involving prostatic ducts is also important as cystoprostatectomy with or without accompanying chemotherapy is the treatment of choice in such cases.
REPORTING OF IDC-P
IDC-P should be reported in both core needle biopsies and radical prostatectomy specimens when it is seen in association with invasive adenocarcinoma or as isolated IDC-P without concomitant invasive carcinoma. Assigning a Gleason grade to IDC-P is not recommended. 4, 15 In biopsy specimens, IDC-P should be included in overall volume (percentage) of tumor involvement in a core with concomitant invasive carcinoma. The application of IHC staining in IDC-P is dependent on the grade and type of concomitant invasive carcinoma. When IDC-P is seen in association with high-grade invasive prostatic adenocarcinoma (Gleason score [8] [9] [10] , it should be documented as a morphologic finding, although IHC staining for basal cell markers to establish a diagnosis of IDC-P is not necessary in such cases.
IHC for basal markers (p63, CK5/6 and high molecular weight cytokeratin) is performed in the setting of IDC-P where there is a need to distinguish IDC-P from invasive carcinoma for quantification of tumor volume or the presence of IDC-P potentially affects the Gleason score. When IDC-P is seen in isolation without concomitant invasive carcinoma, it must be mentioned that IDC-P is often associated with high-grade, high-stage invasive prostate adenocarcinoma, and an immediate repeat biopsy is warranted for such cases. Tables 2 and 3 highlight recommendations for reporting and management strategies in cases of IDC-P and atypical intraductal proliferations.
The decision to proceed with definitive treatment or an immediate rebiopsy in rare instances of IDC-P associated with low-grade (Gleason score 6) cancer should be weighed in a multidisciplinary setting on an individual basis. If the volume of IDC-P is extremely focal or an ACL is diagnosed, a repeat biopsy within 3 months may be recommended. On the other hand, if several biopsy cores are involved by IDC-P with high-grade cytoarchitectural features, then definitive treatment may be recommended.
CONCLUSIONS
IDC-P is frequently encountered in association with high-grade and high-stage, invasive prostatic adenocarcinoma, and mandates definitive treatment. It is important to recognize and report these lesions if they are identified in both core needle biopsies and radical prostatectomy specimens, thereby providing the clinical team with an opportunity to consider the presence of this lesion when planning patient care. A crucial distinction in the differential diagnosis is separation of IDC-P from HGPIN, owing to the vastly differing therapeutic and prognostic implications. Thus, IDC-P lies on the malignant end of a spectrum with HGPIN on the preneoplastic, benign end; whereas atypical intraductal proliferation or ACL represents a borderline/intermediate category. IDC-P may be identified in a series of different biopsy and prostatectomy scenarios, and application of the proposed diagnostic criteria and reporting patterns, coupled with immunohistochemical staining, if required, are recommended for outlining further management strategies. Additional studies are required in this area to establish more uniform guidelines and to investigate other possible robust immunohistochemical or molecular markers that may aid in establishing an unequivocal diagnosis of IDC-P.
